strong that embryos with trisomy 1 fail to implant. In cancer cells, trisomy for the long arm of chromosome 1, but not the whole chromosome, is observed recurrently, whereas chromosome 2 aneuploidy does not appear to be a recurrent defect [3] . These observations clearly indicate that rates of missegregation alone are not enough to predict the rates of aneuploidy in living cells and organisms. In fact, these will depend on the rates of both chromosome missegregation and survival of the resulting aneuploid cells. These studies also suggest the possibility that evolving mechanisms or features that ensure absolute accuracy of segregation for very large chromosomes is not critical, given that the resulting aneuploid cells would be eliminated thanks to strong selective pressure ( Figure 1B ).
In conclusion, the jury is still out on if and how centromere-kinetochore size or structure may influence the accuracy of chromosome segregation in cell types other than the Indian muntjac fibroblasts. However, the study by Drpic et al. [7] clearly illustrates how unique experimental systems can provide important mechanistic insights and lay the groundwork for future studies. Rats exposed to variable-length, unique-odor lists were tested in distinctive contexts for odors second or forth from list-end. Accurate ability to recall odors backwards from the end of lists points to their ability to manipulate and replay odor-list episodic memories.
All animals have memory, certainly the non-declarative variety (e.g., Pavlovian conditioning, instrumental conditioning, habituation, and sensitization). But an important issue is whether episodic memory-based on conscious recollection of a sequence of events unfolding over time (like a highly edited video tape)-is unique to humans or is shared by other (nonhuman) animals [1] . First, however, some background on why episodic memory is important.
Declarative memory (explicit, conscious recollection) is composed of episodic memory and semantic memory. Semantic memory is generic memory or general knowledge, without any accompanying memory of the events and contexts that led to that memory; for example, you remember that the Eifel tower is in Paris, but you probably do not remember the particulars of how or when you learned that fact. Episodic memory is different from semantic memory; it is more elaborate, thought to be of a higher cognitive ability, and was generally accepted to be unique to humans. You may recall the unfolding of the 9/11 attacks on the Twin-Trade towers, the aftermath of these attacks, and contexts (places and people) where you were viewing these drastic events as they occurred in real time. Such contexts and replaying of the unfolding events make for durable, long-lasting episodic memories. A hotly debated issue is whether or which nonhuman animals can form episodic memories [2] . A new study by Panoz-Brown et al. [3] now shows that rats can form long-lasting episodic memory of odor lists by varying the list length (5-12) from trial to trial and employing tests that require the rats to rehearse (replay) the odor lists in reverse order. These researchers employed clever techniques to obtain the high accuracy levels in this challenging task, a necessary outcome for claiming episodic memory. In addition to capitalizing on the rat's superb odor discriminability, these researchers used a large collection of many (60) different odors, so that the odors making up the lists could be unique. Unique lists are really required for claims of episodic memory, because each experience of an odor list has to stand on its own as a unique episode. These researchers also initiated clever procedures requiring rats to select the odor that was either 2-back (two odors) or 4-back (four odors) from the end of the list. Moreover, the rats had no way of determining when the list would end as they were processing and encoding the series of odors presented to them. These requirements mean that the rats had to keep the entire list firmly in mind in order to manipulate their (episodic) memory so that when they were in the 2-back testing context, for example, they would need to reverse the list (in their episodic memory) and select the odor that was second from the end-of-the-list, not the foil odor that also came from the same list but from another position. They also had to perform similar memory 'gymnastics' when they were in the 4-back testing context, where they were trained to select the odor that was fourth from the end-of-the-list, not the foil odor coming from the same list but from another position. To ensure that the difference in testing contexts would be obvious to the rats, these researchers used two very different testing arenas for rapid learning and good performance (see Figure 1A , and the two circular testing arenas). And did they ever perform well! Mean accuracy was approximately 88% correct, with very little drop-off even when the tests were delayed by a full hour.
The researchers also performed a number of control tests contributing considerably to the support that rats do have odor-list episodic memory including: greater inter-item delays surrounding the last four list items showing that there was little or no memory decay (decay is a hallmark of familiarity memory); special ''unbaited'' tests during the list-odor testing to control for any possible smell of the food pellet in the well under the 'correct' scented cap; and interference tests that were interposed between the presentation of the odor list and the 2-back and 4-back tests and were drawn from 21 unique odors (i.e., different from the 60 odors used for the odor-list tests of episodic memory) in a unique arena (see the triangular arena in Figure 1B) . The rationale for this test was that episodic memory should not be vulnerable to interference because the components of episodic memory should be unique to that episode, unlike generic memory based on familiarity. The rats ''passed'' all of these control tests without any effect on the 2-back and 4-back tests for episodic memory.
Taken together the results from all of these experiments strongly point to episodic memory. But it gets even better. Since it is well accepted that episodic memory is hippocampal dependent, these researchers further manipulated these rats' hippocampi to dissociate episodic memory from semantic memory. They used a recent chemogenetic approach of implanting designer receptors (DREADDs) in the rats' hippocampi that could later be exclusively activated by designer drugs to suppress (temporarily) the rats' hippocampi. When the hippocampi were suppressed, the 2-back and 4-back list memory performances dropped considerably (approximately to 75% correct). But there were virtually no adverse effects (relative to vehicle) on the two semantic odor memory tests. One of the semantic odor memory tasks was the new-old memory task previously described. The other semantic odor memory task (with 14 unique odors) was a simple pair-wise discrimination (also called ''Learning Set'') where the rats learned which odor of each pair (randomly designated) was correct (and that selection would be reinforced). Such clear-cut dissociations add considerable weight to the authors' conclusions that rats have episodic memory for odor lists. Rats were presented with lists of trial-unique odors one item at a time in the black square box (A). Following each list, rats were tested in the two circular arenas (A) with two odors from the list (B). In one circular testing arena, the correct odor was second from the end of the list and in the other circular testing arena the correct odor was fourth from the end of the list. Incorrect odors were from other ordinal positions in the same list being tested. (Assignment of circular arenas to test for odors 2-back and 4-back from end of list was counterbalanced across rats.) Correct choices were rewarded with food pellets, whereas incorrect choices were not rewarded. In the triangular arena, unique odors (i.e., different from the list-memory odors) were used for occasional tests of potential interference (between list encoding and memory testing) and for simple (familiarity) tests of 'new' versus 'old' odors as well as pair-wise 'learning-set' discriminations where one odor of each pair was always rewarded and the other odor never rewarded. Locations of odors were randomly assigned for each arena. (Photo courtesy of Jonathon Crystal.)
In conclusion, these findings converge on the conclusion that rats have episodic memory for sequences of odors. Such a tour de force is exactly what was needed-obtaining positive results from tasks designed to encourage episodic memory and supported by tests that ruleout alternative explanations-in order to confidently claim that rats really do have episodic memory for those odor-list episodes that are very important to them, much like we have for our important episodes, such as where we were and when we viewed the unfolding of the attack on the Twin Trade towers in New York.
Mitochondrial biogenesis requires the import of approximately 1,000 different proteins through a labyrinth of channels to reach the appropriate sub-organellar location. A new study now reports that, in response to stalled import complexes, an adaptive transcriptional response dubbed the mitoCPR is triggered to extract these stalled complexes into the cytosol for degradation.
Mitochondria not only are the powerhouses of the cell, but also are required for essential activities, including amino acid and nucleotide synthesis, as well as serving as signaling hubs that regulate programmed cell death and innate immune responses. Compartmental dysfunction is associated with myriad pathologies, including inherited mitochondrial diseases, agingassociated neurodegenerative diseases such as Parkinson's disease, and infection caused by pathogens that produce mitochondrial toxins. As such, cells have evolved multiple pathways to maintain the mitochondrial network during good times and bad [1] .
Many of the adaptive responses to mitochondrial dysfunction relate to mitochondrial protein import, or conditions that impair protein import. Included in this plethora of responses are adaptive transcriptional responses, such as the mitochondrial unfolded protein response (UPR mt ) [2] , mitochondrialspecific autophagy (mitophagy), which rids the cell of severely damaged mitochondria [3] , and UPRam [4] and mPOS [5] , which serve to reduce cytosolic protein synthesis and degrade mislocalized mitochondrial proteins that accumulate in the cytosol. In a recent study published in Science, Weidberg and Amon [6] took an elegant approach to focus specifically on stalled mitochondrial protein import and provide a satisfying answer regarding how cells respond to and resolve mitochondrial protein import defects.
The association of diverse stress responses with mitochondrial protein import likely reflects the compartment's origin. Mitochondria originated from an endosymbiotic event that occurred 2 billion years ago when a eukaryotic precursor cell engulfed an alphaproteobacterium. Over time, the mitochondrial genome (mtDNA) has been reduced dramatically so that the vast majority of the 1,000 proteins required for mitochondrial function are now encoded by nuclear genes. These proteins are synthesized in the cytosol, targeted to each mitochondrion and imported, and then the protein is directed to the appropriate sub-organellar compartment [7] . Proteins imported into mitochondria must remain unfolded to traverse the import complexes, yet be protected from both proteases and inappropriate protein-protein interactions that may lead to proteotoxicity and aggregation. Consistent with this significant challenge, approximately 20% of the mitochondrial proteome is dedicated to ensuring the fidelity of the import process.
Most proteins destined for the mitochondrial matrix or inner membrane harbor an amino-terminal mitochondrial targeting sequence (MTS) that first interacts with a channel in the mitochondrial outer membrane (TOM, translocase of the outer membrane) and subsequently with the inner membrane channel TIM23 (translocase of the inner membrane) (Figure 1 ). Once exposed to
